DDR SYNCHRONOUS FLASH MEMORY WITH 
VIRTUAL SEGMENT ARCHITECTURE 

[0001] This Application is a Continuation of U.S. Application Serial No. 
10/102,757 filed March 21, 2002, which is a Continuation-in-part of U. S. Patent Serial 
Number 09/928,621, filed August 13, 2001, and issued as U.S. Pat. No. 6,625,081 on 
September 23,2003. 

Technical Field of the Invention 

[0002] The present invention relates generally to non- volatile memory devices and 
in particular the present invention relates to double data rate synchronous non-volatile 
flash memory with virtual segment architecture. 

Background of the Invention 

[0003] Memory devices are typically provided as internal storage areas in the 
computer. The term memory identifies data storage that comes in the form of integrated 
circuit chips. There are several different types of memory used in modern electronics, 
one common type is RAM (random-access memory). RAM is characteristically found 
in use as main memory in a computer environment. RAM refers to read and write 
memory; that is, you can both write data into RAM and read data from RAM. This is in 
contrast to ROM, which permits you only to read data. Most RAM is volatile, which 
means that it requires a steady flow of electricity to maintain its contents. As soon as 
the power is turned off, whatever data was in RAM is lost. 

[0004] Computers almost always contain a small amount of read-only memory 
(ROM) that holds instructions for starting up the computer. Unlike RAM, ROM cannot 
be written to. An EEPROM (electrically erasable programmable read-only memory) is 
a special type non-volatile ROM that can be erased by exposing it to an electrical 
charge. Like other types of ROM, EEPROM is traditionally not as fast as RAM. 
EEPROM comprise a large number of memory cells having electrically isolated gates 
(floating gates). Data is stored in the memory cells in the form of charge on the floating 
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gates. Charge is transported to or removed from the floating gates by programming and 
erase operations, respectively. 

[0005] Yet another type of non- volatile memory is a Flash memory. A Flash 
memory is a type of EEPROM that can be erased and reprogrammed in blocks instead 
of one byte at a time. Many modern PCs have their BIOS stored on a flash memory 
chip so that it can easily be updated if necessary. Such a BIOS is sometimes called a 
flash BIOS. Flash memory is also popular in modems because it enables the modem 
manufacturer to support new protocols as they become standardized. 

[0006] A typical Flash memory comprises a memory array, which includes a large 
number of memory cells. Each of the memory cells includes a floating gate field-effect 
transistor capable of holding a charge. The cells are usually grouped into blocks. Each 
of the cells within a block can be electrically programmed in a random basis by 
charging the floating gate. The charge can be removed from the floating gate by a 
block erase operation. The data in a cell is determined by the presence or absence of the 
charge in the floating gate. 

[0007] Both RAM and ROM random access memory devices have memory cells 
that are typically arranged in an array of rows and columns. During operation, a row 
(page) is accessed and then memory cells can be randomly accessed on the page by 
providing column addresses. This access mode is referred to as page mode access. To 
read or write to multiple column locations on a page requires the external application of 
multiple column addresses. To increase access time, a burst mode access has been 
implemented. The burst mode uses an internal column address counter circuit to 
generate additional column addresses. The address counter begins at an externally 
provided address and advances in response to an external clock signal or a column 
address strobe signal. 

[0008] A synchronous DRAM (SDRAM) is a type of DRAM that can run at much 
higher clock speeds than conventional DRAM memory. SDRAM synchronizes itself 
with a CPU's bus and is capable of running at 100 MHZ or 133 MHZ, about three times 
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faster than conventional FPM (Fast Page Mode) RAM, and about twice as fast EDO 
(Extended Data Output) DRAM and BEDO (Burst Extended Data Output) DRAM. An 
extended form of SDRAM that can transfer a data value on the rising and falling edge 
of the clock signal is called double data rate SDRAM (DDR SDRAM, or simply, DDR). 
SDRAM' s can be accessed quickly, but are volatile. Many computer systems are 
designed to operate using SDRAM, but would benefit from non-volatile memory. A 
synchronous Flash memory has been designed that allows for a non-volatile memory 
device with an SDRAM interface. Although knowledge of the function and internal 
structure of a synchronous Flash memory is not essential to understanding the present 
invention, a detailed discussion is included in United States Patent Application Serial 
No. 09/627,682 filed July 28, 2000 and titled, "Synchronous Flash Memory," which is 
commonly assigned and incorporated by reference. 

[0009] In general, the goal of synchronous Flash is to mimic the architecture of 
SDRAM. It has an SDRAM interface which is compatible to SDRAM for read 
operation to the synchronous Flash memory. Programming, erasing, block protection 
and other flash specific function differ from SDRAM and are performed with a three 
cycle SDRAM command sequence. Unfortunately, the general internal architecture of 
conventional SDRAM memory is not the most efficient architecture for non- volatile 
memories and for Flash memory specifically. 

[0010] For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for a non-volatile memory device that can operate 
in a manner similar to SDRAM operation and maintain an internal architecture that is 
more applicable to non-volatile memory device access and power efficiencies. 

Summary of the Invention 

[0011] The above-mentioned problems with memory devices and other problems 
are addressed by the present invention and will be understood by reading and studying 
the following specification. 
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[0012] In one embodiment, a synchronous non-volatile memory device 

comprises an array of memory cells arranged in a plurality of addressable banks of the 
memory cells. The memory cell rows of each bank are divided into a plurality of 
addressable column segments. Latch circuitry is coupled to each of the plurality of 
addressable banks. The latch circuitry includes a plurality of segment latches to store 
data read from the plurality of addressable segments. Control circuitry is provided to 
read data from the plurality of addressable banks and store the read data in the latch 
circuitry. A first segment row from a first segment of the plurality of addressable 
segments and a second segment of the plurality of addressable segments is latched in 
the latch circuitry to form a virtual row of data. Output circuitry communicates the data 
of the virtual row stored in the latch circuitry on data connections in synchronization 
with rising and falling edges of an externally provided clock signal. 

Brief Description of the Drawings 
[0013] Figure 1 illustrates a prior art SDRAM memory array with four banks of 
memory within the array. 

[0014] Figure 2 illustrates a virtual synchronous flash memory array of the present 
invention with four banks of memory within the array. 

[0015] Figures 3 and 4 illustrate a virtual synchronous Flash memory array of the 
present invention subdivided into segments and the segments being mapped into a 
virtual SDRAM memory array. 

[0016] Figure 5 illustrates a block diagram example of a 4Mx32 virtual 
synchronous Flash memory, showing address, control and data interfaces. 

[0017] Figure 6 is a diagram of a memory address for a virtual synchronous Flash, 
showing bank address, additional virtual synchronous Flash addresses, row address, and 
column address. 
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[0018] Figure 7 illustrates a bank of virtual synchronous Flash memory array of the 
present invention showing mapping of a segment to other segment positions within the 
bank. 

[0019] Figure 8 is a block diagram of a virtual synchronous Flash memory device 
coupled to an external processor. 

[0020] Figure 9 illustrates a bank of virtual synchronous Flash memory array of the 
present invention showing segment row read operations. 

[0021] Figure 10 is a block diagram of a memory device of an embodiment of the 
present invention. 

[0022] Figure 1 1 is a timing diagram of a double data rate read operation of the 
memory of Figure 10. 

[0023] Figure 12 is a timing diagram of a double data rate write operation of the 
memory of Figure 10. 

Detailed Description of the Invention 

[0024] In the following detailed description of the preferred embodiments, reference 
is made to the accompanying drawings that form a part hereof, and in which is shown 
by way of illustration specific preferred embodiments in which the inventions may be 
practiced. These embodiments are described in sufficient detail to enable those skilled 
in the art to practice the invention, and it is to be understood that other embodiments 
may be utilized and that logical, mechanical and electrical changes may be made 
without departing from the spirit and scope of the present invention. The following 
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the 
present invention is defined only by the claims. 

[0025] A conventional synchronous Flash memory matches the internal architecture 
and simulates the operation of an SDRAM memory quite closely. In contrast, a virtual 
synchronous flash memory of the present invention changes the internal architecture, 
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while maintaining a compatible conventional SDRAM interface. This allows it to better 
match the efficiencies of the underlying memory technology. The resulting memory 
structure of a virtual synchronous Flash internal memory array is then logically 
reassembled to simulate an SDRAM configuration for the purposes of interfacing to a 
standard SDRAM compatible memory controller, processor, or other compatible 
external device. The virtual synchronous Flash memory of the present invention allows 
for additional memory address pins to be added to the external address interface so as to 
enable external devices with the appropriate capability to access the internal architecture 
of the virtual synchronous Flash memory directly. 

[0026] Figure 1 is a simplified diagram of a prior art SDRAM memory array 
architecture. SDRAM memory arrays generally consist of a sequence of memory array 
banks that have rows and columns. The SDRAM memory arrays, upon being accessed 
with a bank, row, and column address, load an internal data latch circuit with a defined 
number of bits. The SDRAM memory array 100 of Figure 1 has four array banks 102, 
104, 106, and 108. Each of the four banks 102, 104, 106, and 108 in turn has X rows 
1 10 and Y columns 1 12. When a bank and row are selected by an input row address, 
the contents of a row of memory cells are placed on column bit lines coupled to sense 
amplifiers (not shown) and the bit values of the memory cells are detected. The 
selected memory array row, and therefore the contents of the sense amplifiers, is 
generally called the active row page. The values detected by the sense amplifiers are 
latched in latch circuit 1 14. An input column address to the SDRAM, which defines the 
column page, selects from the latches of the latch circuit 1 14, and thus from the 
columns of the active row page, the Z number of bit values to be latched by an internal 
data buffer (not shown). The Z data bits are held in the internal data buffer for transfer 
from the SDRAM memory device through the data interface (not shown). An example 
of a common SDRAM memory is a 4Mx32 SDRAM, which has 4 banks, 4,096 rows, 
256 columns, and 32 bits. However, SDRAM memories come in multiple densities and 
bus widths, for example 8Mx8, 4Mxl6, 4Mx32, 2Mx32, and 8Mxl6 to list a few. 
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[0027] An SDRAM memory read operation generally starts with an "ACTIVE" 
command that sets the bank and row address, by reading in an address placed on the 
address interface to the SDRAM memory device. The "ACTIVE" command thus 
activates the active row page and places it on the internal sense amplifiers to be read 
and latched by internal latch circuits. The column address is read in from the address 
interface by a following "READ" command that sets the column page by selecting 
columns from the latch circuits to place in an internal data buffer in the SDRAM 
memory device. The SDRAM command sequence is then finished on the next clock 
cycle with a data word transfer from the internal data buffer. 

[0028] In an SDRAM compatible command sequence, before any READ or WRITE 
commands can be issued to a bank within the synchronous flash memory, a row in that 
bank must be "opened." This is accomplished via an ACTIVE command, which is used 
to open (or activate) a row in a particular array bank for a subsequent access. The value 
on the BAO, BAl inputs selects the bank, and the address provided on inputs A0-A1 1 
selects the row. This row remains active for accesses until the next ACTIVE command, 
power-down or RESET. 

[0029] A subsequent ACTIVE command to a different row in the same bank can be 
issued without having to close a previous active row, provided the minimum time 
interval between successive ACTIVE commands to the same bank is met. A 
subsequent ACTIVE command to another bank can also be issued while the first bank is 
being accessed, which results in a reduction of total row access overhead. 
[0030] After an ACTIVE command to activate a row in the memory, the READ 
command is used to initiate a read access to an active row. The value on the BAO, BAl 
inputs selects the bank, and the address provided on inputs A0-A7 selects the starting 
column location. Read data appears on data outputs, the DQs (not shown) of the data 
interface (not shown) subject to the logic level on the data mask (DQM) input that is 
sometimes used to mask data DQ outputs and values not needed for the current memory 
access operation. 
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[0031] During READ bursts, the valid data-out element from the starting column 
address is available following a specified latency after the READ command. In 
SDRAM compatible memory, each subsequent data-out element is valid by the next 
positive clock edge. Upon completion of a burst, assuming no other commands have 
been initiated, all data outputs go as to a high impedance state. A full page burst 
continues until terminated. (At the end of the page, it wraps to column 0 and continue.) 
Data from any READ burst may be truncated with a subsequent READ command, and 
data from a fixed-length READ burst may be immediately followed by data from a 
subsequent READ command. In either case, a continuous flow of data can be 
maintained. The first data element from the new burst follows either the last element of 
a completed burst, or the last desired data element of a longer burst that is being 
truncated. A READ command can be initiated on any clock cycle following a previous 
READ command. Full-speed, random read accesses within a page can be performed, or 
each subsequent READ may be performed to a different bank. 

[0032] A fixed-length or full-page READ burst can be truncated with either 
ACTIVE TERMINATE (may or may not be bank specific) or BURST TERMINATE 
(not bank specific) commands. Data from any READ burst may also be truncated with 
a subsequent WRITE command (WRITE commands must be preceded by WRITE 
SETUP), and data from a fixed-length READ burst may be immediately followed by 
data from a subsequent WRITE command (subject to bus turnaround limitations). The 
WRITE may be initiated on the clock edge immediately following the last (or last 
desired) data element from the READ burst, provided that I/O contention can be 
avoided. 

[0033] As stated above, a virtual synchronous flash memory of the present 
invention changes the internal architecture, while maintaining a compatible 
conventional SDRAM interface. This allows it to better match the efficiencies of the 
underlying memory technology. Figure 2 details a simplified diagram of a memory 
array of a virtual synchronous Rash of the present invention. The resulting memory 
structure of a virtual synchronous Flash internal memory array is then logically 
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reassembled to simulate an SDRAM configuration for the purposes of interfacing to a 
standard SDRAM compatible memory controller, processor, or other compatible 
external device. The virtual synchronous Flash memory of the present invention allows 
for additional memory address pins to be added to the external address interface so as to 
enable external devices with the appropriate capability to access the internal architecture 
of the virtual synchronous Flash memory directly. 

[0034] To accomplish this goal, the virtual synchronous Flash memory of the 
present invention internally reduces the effective column length of a memory array bank 
to one-fourth the column length of a corresponding SDRAM memory device. In 
addition, the number of rows of a memory array bank is increased to four times the 
number of rows of a corresponding SDRAM memory device, maintaining the same 
overall memory density. It is noted that other internal memory array configurations are 
possible and would be apparent to those skilled in the art. 

[0035] The virtual synchronous Flash memory array 200 of Figure 2 is shown with 
four array banks 202, 204, 206, and 208. Each of the four banks 202, 204, 206, and 208 
in the memory array in turn has 4(X) rows 210 and Y/4 columns 212. When a bank and 
row are selected by an input row address, the contents of a row of memory cells is 
placed on column bit lines coupled to sense amplifiers (not shown) and the bit values of 
the memory cells are detected. The selected memory array row, and contents of the 
sense amplifiers, is called the active row page. The values detected by the sense 
amplifiers are latched in by latch circuit 214. An input column address to the virtual 
synchronous Flash, which defines the column page, selects from the latches of the latch 
circuit 214, and thus from the columns of the active row page, the Z number of bit 
values to be latched by an internal data buffer (not shown). The Z data bits are held in 
the internal data buffer for transfer from the virtual synchronous Flash memory device 
through the data interface (not shown). From the above example, a 4Mx32 SDRAM, 
which has 4 banks, 4,096 rows, 256 columns, and 32 bits, would correspond to a 4Mx32 
virtual synchronous Flash that internally has 4 banks, 16,384 rows, 64 columns, and 32 
bits. 
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[0036] A process for logically reassembling the internal rows and columns of the 
virtual synchronous Flash of Figure 2 to map to a comparable conventional SDRAM 
configuration is shown in Figures 3 and 4. In Figure 3, each of the four banks 308, 3 10, 
3 12, and 3 14 of the internal memory array 3 16 of the virtual synchronous Flash of 
Figure 2, which has 4(X) rows and Y/4 columns, is shown in Figure 3, As detailed in 
Figure 2, each of the virtual synchronous Flash internal memory array banks is divided 
by row range into four segments 300, 302, 304, and 306. The number of rows in each 
separate segment of Figure 3 is equal to the overall X number of rows in the SDRAM 
that the virtual synchronous Flash is compatible with. The segments 300, 302, 304, and 
306 of each separate bank of the virtual synchronous Flash are then logically mapped by 
arranging them in a virtual manner side by side into a corresponding virtual memory 
bank 400 that is X rows long and Y columns wide, as shown in Figure 4, matching a 
corresponding compatible SDRAM device. It is noted that other methods of logically 
mapping a virtual synchronous Flash memory to match an SDRAM are possible and 
would be apparent to those skilled in the art with the benefit of the present disclosure. 

[0037] In the example previously given of a 4Mx32 memory device, a 4Mx32 
virtual synchronous Flash using the technique of Figures 3 and 4 internally has 4 banks, 
16,384 rows, 64 columns, and 32 bits. Each bank is logically divided into 4 segments 
of 4,096 rows and 64 columns each. The segments of each bank are logically mapped 
to form a virtual bank of 4,096 rows and 256 columns. This procedure can be used on 
each bank to allow the 4Mx32 virtual synchronous Flash to simulate a 4Mx32 
synchronous SDRAM compatible memory device, which has 4 banks, 4,096 rows, 256 
columns, and 32 bits. 

[0038] Figure 5 is a simplified external diagram of a 4Mx32 virtual synchronous 
Flash memory device 500 of an embodiment of the present invention, showing external 
connections, major interfaces, and extended virtual synchronous Flash address lines. 
The virtual synchronous Flash memory device 500 of Figure 5 includes bank address 
lines BA0-BA1 502, address lines A0-A15 504, data interface 506, and control line 
interface 508. The bank address lines BA0-BA1 502 select the desired memory array 
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bank for a subsequent access. The data interface 506 transfers data to and from the 
virtual synchronous Flash memory device 500. The control line interface 508 contains 
the signal lines necessary to control the virtual synchronous Flash memory device 500 
in its operation, such as, but not limited to, CS, DQS, clock, CAS, RAS, and WE. 
Depending on the SDRAM command being issued the values placed on the address 
lines A0-A15 504 select the row or column of the memory array for an access. The 
address lines A0-A15 are additionally split into two separate subsections, A0-A1 1510 
and A12-A15 512. The addresses in subsection A0-A1 1 510 allow standard SDRAM 
compatible row and column memory address accesses to the virtual synchronous Flash 
memory device 500. The additional address lines in subsection A12-A15 512 are not 
necessary for SDRAM compatible memory access, but if used by an extended 
capability SDRAM control device, address lines A12-A15 512 allow access to extended 
virtual synchronous Flash capabilities and internal architecture. The virtual 
synchronous Flash uses address lines A 12- A 13 for access to the extended internal Flash 
memory array row addresses. Address lines A14-A15 are used to set the extended 
internal Flash memory array segment address. 

[0039] A virtual synchronous Flash of the present invention is compatible with 
conventional SDRAM interfaces and commands, such as detailed above. In addition, 
virtual synchronous Flash supports extended operations to allow Flash specific 
operations and to allow direct access to the extended rows and columns of the internal 
memory array architecture. Direct access to the extended rows and columns without 
logical re-mapping of the rows and columns to a compatible SDRAM configuration is 
enabled by the additional address interface lines optionally fitted to the virtual 
synchronous Flash memory device, such as A12-A15 512 of Figure 5. 

[0040] An example of a virtual synchronous Flash address space 600 is shown in 
Figure 6. The virtual synchronous Flash address space of Figure 6 matches the address 
space of the SDRAM it is compatible with and contains a row address 606, a column 
address 608, a word address 610, and bank address 612. In addition, the virtual 
synchronous Flash address space 600 contains extended addresses for segment 
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addressing 602 and row addressing 604 that allow for the direct access of the virtual 
synchronous Flash without logical mapping by compatible host controllers. 

[0041] In the example 4Mx32 virtual synchronous Flash of Figure 5, address lines 
A12-A13 are used for extended row accesses into four times as many physical rows 
(16,384 rows) that a virtual synchronous Flash has as compared to a compatible 
conventional 4Mx32 SDRAM (4,096 rows). Address lines A14-A15 are used for 
selecting which segment section of four (i.e., 300, 302, 304, and 306 of Figure 3) of the 
virtual synchronous Flash's currently active memory array bank (i.e., 308 of Figure 3) 
are accessed in the operation. 

[0042] A virtual synchronous Flash memory device's capability to set its segment 
address allows for full segment association within the bank as shown in Figure 7. In 
Figure 7 is shown a bank of virtual synchronous Flash memory 700 with four segments 
702, 704, 706, and 708 that has been logically re-mapped to an SDRAM configuration. 
A row of the segment zero 710 is shown being logically repositioned by an access that 
includes an extended virtual synchronous Flash segment address to appear as if it was 
placed in one of the other three segments of the current memory bank (segment one 
712, segment two 714, or segment three 716). The ability of full segment association 
allows any row selected in a bank to be addressed to any of the four segments in that 
bank. This has the effect of logically shifting the address space by that number of 
segments for a subsequent memory access. 

[0043] In operation, a virtual synchronous Flash memory reduces the active page of 
the internal memory array bank by one-fourth. This reduces the number of sense 
amplifiers activating by one-fourth, saving power and complexity. In the example 
4Mx32 virtual synchronous Flash, the memory device only activates 2K sense 
amplifiers versus 8K sense amplifiers for an SDRAM or synchronous Flash memory 
device. In addition, because sixteen segments are available for the virtual synchronous 
Flash memory device versus four segments for an SDRAM, when each of the four 
banks has their respective four segments activated, there is a higher hit rate for READs 
without activating new rows. The increased granularity of a virtual synchronous Flash 

400.170US02 

Micron Ref. 01-1398.01 12 



memory device decreases power usage, and in addition, decreases memory access 
latency. Therefore effectively increasing bandwidth to the virtual synchronous Flash 
over that of a conventional synchronous Flash component. 

[0044] Figure 8 shows an illustration of a virtual synchronous Flash memory 
system, wherein a 4Mx32 virtual synchronous Flash memory device 800 of an 
embodiment of the present invention is coupled to an external processor 802. It is noted 
that the virtual synchronous Flash memory system of Figure 8 is only shown as an 
example, and other systems and embodiments of the present invention can include 
multiple types of other integrated circuits (i.e., a memory controller, a field 
programmable gate array (FPGA), a volatile memory device, an application specific 
integrated circuit (ASIC), etc.). Systems containing memory devices are well known in 
the prior art and the following description is intended only to be an overview of their 
operation and provide an example of their operation with an embodiment of the present 
invention. 

[0045] In the system of Figure 8, address values for the virtual synchronous Flash 
memory 800 are received from the processor 802 on the external address bus 
connections 804 and bank address lines 806. The received address values are stored 
internal to the memory device and utilized to select the memory cells in the internal 
memory array (not shown). In a conventional SDRAM compatible operation, the 
processor 802, with an ACTIVE command, inputs a row and bank address on address 
lines A0-A1 1 808 and bank address lines BA0 and BA1 806 activating an internal 
virtual row page (not shown) in the virtual synchronous Flash memory device 800. The 
row and bank address is followed by a READ command with a column address placed 
on address lines A0-A8 (a subset of address lines A0-A1 1 808) by the processor 802. 
Internal to the virtual synchronous Rash memory device 800, data values from the bank 
segments (not shown) are captured in latch circuits, logically re-mapped to form an 
SDRAM compatible data format, and readied for transfer from the virtual synchronous 
Flash memory device 800. Data transfer from the virtual synchronous Rash memory 
device 800 begins on the following clock cycle received and transmitted on the bi- 
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directional data word interface 810 to the processor 802. Control of the virtual 
synchronous Flash memory device 800 for operations is actuated by the internal control 
circuitry (not shown). The control circuitry operates in response external control 
signals received from the processor 802 on control signal external interface connections 
820 and to internal events. 

[0046] Extended access to the virtual synchronous Flash memory device 800 is 
accomplished utilizing the extended virtual synchronous Flash address lines, A12-A15 
814. The processor 802, with an ACTIVE command, inputs a row on address lines A0- 
All 808, extended row and segment address lines A12-A15 814, and bank address lines 
BA0 and BA1 806. The ACTIVE command directly activates a bank and internal row 
page and/or segment of the internal memory array (not shown) in the virtual 
synchronous Flash memory device 800 for further operations. The row, extended row, 
and bank address is followed by a READ command with a column address placed on 
address lines A0-A8 (a subset of address lines A0-A15 804) by the processor 802. 
Internal to the virtual synchronous Flash memory device 800, data values from the bank 
segments (not shown) are readied for transfer from the virtual synchronous Flash 
memory device 800 by being copied into internal latch circuits (not shown). Data 
transfer from or to the virtual synchronous Flash memory device 800 begins on the 
following clock cycle received and transmitted on the bi-directional data word interface 
810 to the processor 802. Control of the virtual synchronous Flash memory device 800 
for operations is actuated by the internal control circuitry (not shown). The control 
circuitry operates in response external control signals received from the processor 802 
on control signal external interface connections 820 and to internal events. 

[0047] As explained above, the present memory device allows the data contents of 
the array bank segments to be mapped to form a row of output data. Figure 9 illustrates 
the bank and latch circuitry of Figure 7 in greater detail during a read operation. The 
bank is divided into four segments and each segment corresponds to a segment latch 
214a-214d of latch circuitry 214. The full segment association within the bank, 
explained above, allows different segment rows 710, 712, 714 and 716 to be latched in a 
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segment latch. The segment rows do not have to have a common row address. As such, 
the latch circuitry 214 latches a "virtual row" of data that comprises data from multiple 
segment row addresses. This allows a system greater access to data stored in the array 
banks. 

[0048] Figure 10 is a functional block diagram of a memory device 900, of one 
embodiment of the present invention, that is coupled to a processor 910. The memory 
device 900 and the processor 910 may form part of an electronic system 920. The 
memory device 900 has been simplified to focus on features of the memory that are 
helpful in understanding the present invention. The memory device includes an array of 
memory cells 930. The memory cells are preferably non-volatile floating-gate memory 
cells and generally have their control gates coupled to word lines, drain regions coupled 
to local bit lines, and source regions commonly coupled to a ground potential. The 
memory array 930 is arranged in banks of rows and columns. Each bank is arranged in 
erase blocks. During an erase operation, the memory cells of the erase block are placed 
in an erased state. Data, however, may be stored in the memory array 930 separate 
from the block structure. 

[0049] An address buffer circuit 940 is provided to latch address signals provided 
on address input connections AO- Ax 942. Address signals are received and decoded by 
row decoder 944 and a column decoder 946 to access the memory array 930. It will be 
appreciated by those skilled in the art, with the benefit of the present description, that 
the number of address input connections depend upon the density and architecture of 
the memory array. That is, the number of addresses increases with both increased 
memory cell counts and increased bank and block counts. 

[0050] The non- volatile memory cells are fabricated as floating gate memory cells 
and include a source region and a drain region that is spaced apart from the source 
region to form an intermediate channel region. A floating gate, typically made of doped 
polysilicon, is disposed over the channel region and is electrically isolated from the 
other cell elements by oxide. For example, gate oxide can be formed between the 
floating gate and the channel region. A control gate is located over the floating gate and 
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is can also made of doped polysilicon. The control gate is electrically separated from 
the floating gate by another dielectric layer. Thus, the floating gate is "floating" in 
dielectric so that it is insulated from both the channel and the control gate. 

[0051] The program and erase operations are not performed in single steps. That is, 
successive program pulses are applied to the memory cells to program a memory cell. 
This approach reduces over-programming. In a similar manner, the erase operation is 
iterative. In one embodiment, the erase operation includes three primary steps. The 
first is a pre-program operation in which all of the memory cells of an erase block are 
programmed. After all of the cells are pre-programmed, successive erase pulses are 
applied to the memory cells to remove the pre-program charge from the floating gate. 
A soft-program operation can be performed to 'heal' any over-erased memory cells. 

[0052] The memory device reads data in the array 930 by sensing voltage changes 
in the memory array columns using sensing circuitry 950. The sensing circuitry, in one 
embodiment, is coupled to read and latch a row of data from the memory array. The 
row data can be one continuous address, or comprised of partial rows of discontinuous 
addresses. 

[0053] Data input and output buffer circuitry 960 is included for bi-directional data 
communication over a plurality of data (DQ) connections 962 with the processor 910. 
The timing of data communication can vary depending upon the architecture. In one 
embodiment, data read from the memory can be output on the data connections with 
read latency. Read latency, as known to those skilled in the art, is the number of clock 
cycles between a read command and available data on the output connections. In 
addition, the memory can operate in a burst mode and allows read-while-write 
capabilities to different array banks. 

[0054] Command control circuit 970 decodes signals provided on control 
connections 972 from the processor 910. These signals are used to control the 
operations on the memory array 930, including data read, data write, and erase 
operations. During operation, commands are provided on the control connections, such 
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as ACTIVE, READ and WRITE commands. An ACTIVE command is used to open (or 
activate) a row in a particular array bank for a subsequent access. A selected row 
generally remains active for accesses until the next ACTIVE command. The READ 
command is used to initiate a read access to an active row. The address connections are 
used to select a starting column location. Read data appears on the DQs subject to a 
read latency value. A WRITE command is used to initiate a single-location write 
access on an active row. Input data appearing on the DQs is written to the memory 
array. 

[0055] The flash memory device of Figure 10 has been simplified to facilitate a 
basic understanding of the features of the memory. A more detailed understanding of 
internal circuitry and functions of flash memories are known to those skilled in the art. 

[0056] Figure 1 1 illustrates a double data rate read operation of the memory of 
Figure 10. The read operation is performed on an open row(s) that have been latched in 
the sense circuitry. As explained above, the segmented bank architecture of the array 
allow a virtual row to be compiled by latching data from different rows of the segments. 
This data is output on the data connections following a READ command. The timing of 
the first output data is dependent upon a selected clock latency. The illustrated read has 
a clock latency of two. The data is output from the row latch circuitry on the data 
connections (DQ) in synchronization with both the rising and falling edges of the clock 
signal (CK). 

[0057] Figure 12 illustrates a double data rate write operation of the memory of 
Figure 10. The data is latched from the data connections (DQ) in synchronization with 
both the rising and falling edges of the clock signal (CK). In one embodiment, the data 
is latched in a buffer circuit and subsequently written to the memory array. As such, the 
data is not written to the memory cells in synchronization with the clock signal. 
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Conclusion 

[0058] An improved memory device and architecture has been detailed that 
enhances a Flash memory device that has an SDRAM compatible interface. The 
memory device employs a virtual paging scheme that allows for the architecture of the 
memory to implement an efficient Flash memory structure internally. Externally, the 
memory logically maps the internal Flash architecture to an SDRAM compatible 
interface and virtual architecture, allowing for memory access and operation with a 
compatible SDRAM controller device. A double data rate interface is provided to allow 
data to be input and output from the memory in synchronization with both rising and 
falling edges of a clock signal. 

[0059] Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement, which is 
calculated to achieve the same purpose, may be substituted for the specific embodiment 
shown. This application is intended to cover any adaptations or variations of the 
present invention. Therefore, it is manifestly intended that this invention be limited 
only by the claims and the equivalents thereof. 
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